Background: Two relatively small previous studies comparing oncedaily amoxicillin with conventional therapy for group A streptococcal (GAS) pharyngitis reported similar rates of bacteriologic success for each treatment group. The purpose of this study was to further evaluate once-daily amoxicillin for GAS pharyngitis in a larger study. Methods: In a single pediatric practice, from October through May for 2 consecutive years (2001)(2002)(2003), we recruited children 3 to 18 years of age who had symptoms and signs suggestive of GAS pharyngitis. Patients with a positive rapid test for GAS were stratified by weight (Ͻ40 kg or Ն40 kg) and then randomly assigned to receive once-daily (750 mg or 1000 mg) or twice-daily (2 doses of 375 mg or 500 mg) amoxicillin for 10 days. We determined bacteriologic failure rates for GAS in the pharynx from subsequent swabs taken at 14 to 21 (visit 2) and 28 to 35 (visit 3) days after treatment initiation. We conducted a randomized, controlled, investigator-blinded, noninferiority trial to evaluate whether amoxicillin given once daily would have a bacteriologic failure rate no worse than that of amoxicillin given twice daily within a prespecified margin of 10%. GAS isolates were characterized to distinguish bacteriologic failures from new acquisitions. Adverse events were described and adherence was evaluated by review of returned daily logs and dosage bottles. Results: Of 2139 potential study patients during the 2-year period, we enrolled 652 patients, 326 into each treatment group. Children in the 2 groups were comparable with respect to all demographic and clinical characteristics except that children Ͻ40 kg more often presented with rash in each treatment group. At visit 2, failure rates were 20.1% (59 of 294) for the once-daily group and 15.5% (46 of 296) for the twice-daily group (difference, 4.53%; 90% confidence interval ͓CI͔, Ϫ0.6 to 9.7). At visit 3, failure rates were 2.8% (6 of
P enicillin has been the recommended treatment of group A streptococcal (GAS) pharyngitis since the American Heart Association recommendations were first published in 1953. 1 Guidelines developed for the Infectious Diseases Society of America in 1997 2 and again in 2002 3 included the recommendation that penicillin is the antimicrobial agent of choice for GAS pharyngitis. However, the panel also stated that "Amoxicillin is often used in place of oral penicillin V in young children; the efficacy appears to be equal. The choice is primarily related to acceptance of the taste of the suspension."
Further refinement of the treatment of GAS pharyngitis may lead to added convenience for parents and caregivers and also to improved patient adherence to the regimen. In a meta-analysis of clinical trials comparing dosing frequencies of 10-day courses of penicillin or amoxicillin for GAS pharyngitis, Lan and Colford 4 concluded that twice-daily penicillin was as efficacious as more frequent dosing regimens but that once-daily dosing with penicillin was less efficacious than more frequent dosing regimens. Once-daily dosing regimens with other drugs (eg, cephalosporins, azithromycin) as well as shorter length of treatment courses for GAS pharyngitis have been studied, but these drugs have a broader spectrum of coverage and are more expensive or are in the macrolide group in which resistance occurs. 5 Bass et al, 6 in a commentary on Lan and Colford's meta-analysis, suggested that amoxicillin, with its longer serum half-life, should be considered in oncedaily doses. Two published studies to date have addressed this issue. Shvartzman et al 7 compared once-daily amoxicillin (50 mg/kg per day; maximum, 750 mg) with penicillin (250 mg per dose 3 or 4 times a day) for 10 days and found amoxicillin given once daily was as effective as conventional penicillin therapy for GAS pharyngitis. Feder et al 8 compared treatment of GAS pharyngitis with 3 daily doses of penicillin (250 mg per dose) and once-daily amoxicillin (750 mg) for 10 days. The 2 treatment methods were equally effective in eradication. Small numbers of patients in each of these studies (fewer than 80 subjects in each treatment arm for each study were included) preclude definitive conclusions. We decided to conduct a larger study in an effort to demonstrate that amoxicillin given once daily is not inferior to amoxicillin given twice daily for treatment of GAS pharyngitis.
METHODS
Study Participants. Patients were 3 to 18 years of age presenting with sore throat to an office of 8 pediatricians and 2 nurse practitioners during the months of October through May for the 2 consecutive years 2001 to 2003. Criteria for inclusion in the study included clinical symptoms and signs consistent with GAS pharyngitis (fever, sore throat, pain on swallowing, pharyngeal erythema, tonsillar exudate, soft palate petechiae and/or tender cervical nodes), the absence of findings making viral illness more likely (primary symptoms of cough, coryza and hoarseness; diarrhea; conjunctivitis; and viral exanthem/enanthem), 9 and a positive rapid test for GAS, always confirmed by a conventional culture positive for GAS. Patients were excluded if there was a history of penicillin or amoxicillin allergy, treatment with an oral antimicrobial in the past week, treatment with a long-acting parenteral penicillin in the past 4 weeks, 3 or more culture-confirmed episodes of GAS pharyngitis in the previous year, known streptococcal carriage or immune suppression. The study protocol was approved by the Institutional Review Board of Presbyterian Healthcare, Novant Health, Charlotte, NC. Written informed consent was obtained from a parent (and assents from those patients who were over 12 years of age) before enrollment. Study Design. Patients were stratified on the basis of weight (Ͻ40 kg or Ն40 kg) and then, within each weight group, randomly assigned by the study nurse on a 1:1 basis to receive either once-or twice-daily amoxicillin by sequential selection from a computer-generated set of random numbers. The investigators and clinicians providing care for children and enrolling patients as well as the microbiologists were blinded to treatment assignment for the duration of the study. A study nurse collected the baseline information, made the assignments, provided the study drugs, and collected the follow-up information and throat swabs.
Because there are no published recommended dosages for once-or twice-daily amoxicillin for GAS pharyngitis, we derived a treatment regimen by examining: 1) the 2 studies evaluating once-daily amoxicillin for GAS pharyngitis (Shvartzman 7 used once-daily amoxicillin at 50 mg/kg per day, maximum 750 mg, and Feder 8 used once-daily amoxicillin at 750 mg for all children), 2) the Red Book's suggestion of using penicillin for GAS pharyngitis of 500 mg 2 or 3 times per day for adolescents and adults, 10 and 3) the suggestion in the Physicians' Desk Reference (PDR) of using amoxicillin for mild/moderate ear, nose and throat infections at 500 mg every 12 hours or 250 mg every 8 hours for adults and 25 mg/kg per day divided every 12 hours or 20 mg/kg per day divided every 8 hours for children. The PDR suggests also that the "The children's dosage is intended for individuals whose weight is less than 40 kg. Children weighing 40 kg or more should be dosed according to the adult recommendations."
11 A weight, rather than an arbitrary age, criterion was used because this is also closer to common practice. Patients were allowed to select a liquid or tablet/capsule formulation.
Thus, for children Ͻ40 kg, the dosage for amoxicillin was 750 mg once daily or 375 mg twice daily. For children Ն40 kg, the dosage for amoxicillin was 1000 mg once daily or 500 mg twice daily. All treatment courses were for 10 days. In the event of clinical recurrence, bacteriologic failure at the follow-up visits, or allergy to amoxicillin during the course of therapy, the patient was treated with an alternative, standard antibiotic for GAS pharyngitis 10 as requested by the Institutional Review Board. The patient was then discontinued from further study.
At the initial visit (visit 1), the following data were obtained: patient name, date of visit, sex, weight, ethnicity, underlying illness, daycare attendance and history of concurrent illness in the family. Symptoms and signs of disease were documented. Parents were given a study log for recording daily the doses given and any symptoms or signs present, including the occurrence of sore throat, fever, headache, abdominal pain, nausea, vomiting, diarrhea and rash. They were asked to write in the log by day the occurrence of any other symptom. They were also asked to return for an early posttherapy visit at 14 to 21 days (visit 2) and a late posttherapy visit at 28 to 35 days (visit 3) after initiation of treatment. These visits included a brief evaluation (when symptoms and signs of pharyngitis were sought) by the study nurse, and a single throat swab was obtained for culture of GAS organisms. At visit 2, daily logs were collected and medication bottles were inspected. Additional posttreatment throat cultures were obtained at any time clinical symptoms suggestive of GAS pharyngitis warranted. Laboratory Studies. We obtained material from the patient's posterior pharynx and each tonsillar area using a single sterile Dacron swab (for visits 1, 2 and 3), which was plated for recovery of GAS organisms by using the standard technique. 12 A rapid test for GAS organisms was then performed with the Signify Strep A Test (Abbott Labs, Abbott Park, IL). This test has sensitivity 88% and specificity 99% (unpublished data) in our pediatric office laboratory, a Clinical Laboratory Improvement Act-approved laboratory for complex testing. Isolation of GAS organisms on blood agar plates was confirmed by testing beta-hemolytic organisms with the PathoDX Strep Grouping Kit (Remel, Lenexa, KS). Pure culture isolates of GAS organisms recovered at the initial and subsequent visits were frozen in Microbank beads (Pro-Lab Diagnostics, Austin, TX) according to the manufacturer's instructions and stored at Ϫ70°C. If a study patient had a positive follow-up swab for GAS organisms, the baseline and subsequent isolates were sent to the World Health Organization Collaborating Center for Reference and Research on Streptococci at the University of Minnesota for further testing for strain relatedness (T agglutination, M typing, SOF determination and emm genetic sequencing, if necessary). 13 Outcome Assessment. The primary outcome measure was bacteriologic failure at visit 2, which included those with bacteriologic persistence (the presence of the same M type of GAS organisms as for the initial throat culture for visit 1) and clinical recurrence (clinical cure, defined as resolution of symptoms and signs of GAS pharyngitis, followed by recurrence of symptoms and signs of GAS pharyngitis associated with recovery from a throat swab of the same M type of GAS as on visit 1). Secondary outcome measures were bacteriologic failure and clinical recurrence at visit 3 and bacteriologic failure for visits 2 and 3 combined. For visit 3, bacteriologic failure included those patients with bacteriologic relapse (eradication of GAS at visit 2 followed by recovery in culture of the same M type of GAS at visit 3 as at visit 1) and clinical recurrence (defined as for visit 2). Bacteriologic eradication was defined by lack of recovery in a throat swab at visit 2 or 3 of GAS of the same M type as visit 1. Recovery of a GAS M type different from visit 1 on a visit 2 or 3 culture was regarded as a new acquisition. Streptococcal antibody titers were not determined. Statistical Analysis. The study was designed as a noninferiority trial using an a priori equivalence or noninferiority margin of 10%. This margin was selected based on bacteriologic failure rates of 3% to 16% after amoxicillin treatment of GAS pharyngitis reported by various authors, 14 -20 including 4% to 5% rates found in the 2 previous studies of once-daily amoxicillin 7, 8 and the U.S. Food and Drug Administration's suggestion of the use of a noninferiority margin of 10% if trial success rates were Ն90% (failure rates Յ10%). 21 We assumed a dropout rate of 20%, power of 90% and the use of 2-sided testing with the 90% confidence interval (CI) for the difference in efficacy between treatment groups as suggested in an extension of the Consolidated Standards of Reporting Trials statement recently. 22 A sample size of 650 patients was estimated based on an expected bacteriologic failure rate of 15%. The differences in rates were calculated as rates once daily minus rates twice daily. Because we calculated bacteriologic failure rates, noninferiority could be shown if the upper one-sided 95% (2-sided 90%) confidence limit did not exceed ϩ10%.
For evaluation of clinical and demographic variables in the 2 treatment groups, data measured on the interval scale (eg, weight, age) were compared with a Student t test. The 2 or Fisher exact test was used for data measured on the nominal scale (eg, gender, daycare attendance). A P value of less than 0.05 was considered statistically significant. SAS software (version 8.2; Cary, NC) was used for all analyses.
Baseline clinical and demographic characteristics at the time of enrollment were compared in randomized patients. The main outcome analyses were based on the evaluable patient population defined as those patients who completed both follow-up visits or who had a positive culture at visit 2 with the same M type as visit 1. We also performed an intention-to-treat analysis, including all 326 randomized patents in each treatment group. For this analysis, we assigned an outcome of bacteriologic failure to children who took no medication, were duplicate enrollees, had an initial culture that was negative after a positive rapid test, and/or did not keep either visit 2 or 3 in follow up (see Fig. 1 ). Interim analyses were performed by a 3-member independent data and safety monitoring committee after 100 and then 250 patients had undergone 
Once-Daily Amoxicillin for Pharyngitis randomization. The committee approved continuation of the study at each evaluation. Adverse Events and Adherence. Adverse events were described for patients eligible for visit 2 from whom a study log was received at visit 2. The symptoms and signs of GAS pharyngitis in untreated patients resolve in approximately 50% of patients by the fourth day of illness and approximately 1 day earlier in treated patients. 23 Thus, new symptoms noted on the log, starting on day 4 of treatment, were considered possible amoxicillinrelated adverse events.
Adherence to the treatment regimen was evaluated by review, at visit 2, of the returned daily log on which parents were asked to document dosages given and by comparison of the dispensed doses with the returned dosage bottle.
RESULTS
Patient Population. We assessed 2139 patients who had suspected GAS pharyngitis and who had a positive rapid antigen detection test during the 2-year period. We randomized 652 (30%) patients and excluded 1487 patients. Of those excluded, 801 did not meet study entry criteria, 419 declined participation, and 141were not recruited because they were seen on weekends or after hours when a study nurse was unavailable. Of the randomized patients, 3 took no study medication, 11 (2%) had positive rapid tests but subsequent negative cultures for GAS, 3 were enrolled twice and had only their first enrollment included and 45 (7%) did not return for either follow-up visit 2 or visit 3. Thus, the evaluable population for visit 2 consisted of 590 (90%) patients, 294 in the once-daily and 296 in the twice-daily treatment groups (Fig. 1) .
Patients who were culture-positive at visit 2 included 105 who had identical M types to those of visit 1 (59 of 294 ͓20%͔ in the once-daily and 46 of 296 ͓16%͔ in the twicedaily groups). There were 15 patients with different M types (7 in the once-daily and 8 in the twice-daily groups) and one (in the once-daily group) with a different serogroup. Because each of these 121 culture-positive patients received a second course of antibiotic, they were counted, for the visit 3 analysis, as not returning for visit 3 along with 28 patients (11 in the once-daily and 17 in the twice-daily groups) who came for visit 2 but did not come for visit 3. Thus, the evaluable population for visit 3 was reduced and consisted of 441 patients, 216 in the once-daily and 225 patients in the twicedaily treatment groups (Fig. 1) .
Patients in the once-and twice-daily treatment groups were similar for all demographic and clinical characteristics, with the exception noted subsequently, when stratified by weight and when the 2 weight groups were combined within each treatment group (Table 1) . Our patient population was 89% (582 of 652) white, had 76% (494 of 652) collegeeducated parents and included 97% (634 of 652) with private, commercial insurance (only 3% of patients enrolled had Medicaid or no insurance. Although rash was present in 10% (33 of 326) of patients in both once-and twice-daily treatment groups, rash was present more often in children weighing Ͻ40 kg than in those Ն40 kg in each treatment group (P ϭ 0.015 for the once-daily group and P ϭ 0.074 for the twice-daily group).
Bacteriologic Outcomes. For all evaluable patients at visit 2, 18% (105 of 590) had a positive throat culture for GAS of the same M type as for visit 1. As shown in Table 2 , bacteriologic persistence rates for all evaluable patients at visit 2 were comparable for the 2 treatment groups. All patients achieved clinical cure. For visit 2, the clinical recurrence rates for the 2 treatment groups were also comparable (Table 2 ) with a mean for clinical recurrence of 13.7 days after therapy was begun for the once-daily group and of 13.0 days for the twice-daily group. These differences were also small (difference, 2.09%; 90% CI, Ϫ1.6 to 5.8). For visit 3 in evaluable patients (see Table 2 ), rates of bacteriologic relapse and clinical recurrence in all patients were small. However, there was a greater bacteriologic failure rate (including patients with bacteriologic relapse and clinical recurrence) in the twice-daily group (7.1% ͓16 of 225͔) compared with the once-daily group (2.8% ͓6 of 216͔). Only 2 late clinical recurrences occurred in each treatment group (0.9% for each).
For symptomatic patients with concordant GAS isolates (clinical recurrences), 96% reported sore throat and 60% had fever with no differences between treatment groups for either symptom. A clinical recurrence occurred in 9% (52 of 590) of all evaluable patients, 10% (29 of 294) in the once-daily group and We calculated bacteriologic failure rates in each treatment group for patients who kept both follow-up visits 2 and 3. As required by the Institutional Review Board, all patients with a positive culture at visit 2 for GAS received a second course with an alternative antibiotic. For this analysis of both visits, we considered these patients as positive for both follow-up visits. As noted in Figure 1 , 105 patients had a concordant positive culture for GAS at visit 2 (59 in the once-daily group and 46 in the twice-daily group). In addition, 216 patients in the once-daily group and 225 in the twice-daily group returned for visit 3. Thus, for both visits 2 and 3, in the once-daily group, 24% (59 ϩ 6 of 216 ϩ 59) were positive for GAS and 23% (46 ϩ 16 of 225 ϩ 46) were positive in the twice-daily group (difference, 0.76%; 90% CI, Ϫ5.2 to 6.7).
The intention-to-treat analysis assumed that all children with missing data had positive cultures. Combining both weight categories, for visits 2 and 3, bacteriologic failure rates in all randomized patients were compared for patients with bacteriologic failure or with missing data (patients who were duplicate enrollees, did not receive medication, whose initial culture was negative and/or did not keep follow-up visits). Bacteriologic failure rates for patients in the oncedaily amoxicillin group were 33% (108 of 326) and 33% (109 of 326) for those in the twice-daily amoxicillin group (difference, Ϫ0.3%; 90% CI, Ϫ6.4 to 5.8).
No risk factors for bacteriologic failure could be identified by univariate analysis. Safety. Adverse events were recorded by parents on daily logs kept while medication was administered. Overall, 93% of patients returned for the first follow-up evaluation (visit 2). Of these patients, 92% (541 of 590) returned logs and are the basis for evaluation of possible adverse events (Table 3) . No symptoms or signs occurred significantly more frequently in the once-daily group compared with the twice-daily group (17% vs 14%; difference, 2.2%; 90% CI, Ϫ3.0 to 7.3).
In addition, charts were reviewed and patients were asked to call or be reevaluated for any possible allergic reaction. Physician-diagnosed allergic reactions were seen in 0.9% (6 of 635) of these patients. Each had diffuse urticaria or erythema multiforme on days 2 through 10 (mean, 7 days) of amoxicillin treatment. Five were in patients receiving twice-daily amoxicillin and one was the in once-daily group (difference, Ϫ1.3%; 90% CI, Ϫ2.5 to 0.0). Of note, 2 of these occurred in siblings enrolled on the same day with onset of diffuse urticaria on the same day (day 7) of treatment. Adherence. Daily logs were returned at follow-up visit 2 by 92% (271 of 294) in the once-daily and 91% (270 of 296) of those in the twice-daily groups, respectively (Table 3) . Medication bottles were returned by 84% (247 of 294) and 86% (256 of 296) in the once-and twice-daily groups. Of children whose parents returned with follow-up daily log data, only 4% (12 of 271) and 5% (13 of 270) did not receive all 10 days of prescribed treatment in the once-and twice-daily groups, respectively. For these 25 patients, the once-daily group received a mean of 6.8 days and the twice-daily group a mean of 8.2 days of treatment. Also for these 25 patients, 7 failures (28%) occurred, 4 in the once-daily group and 3 in the twice-daily group.
DISCUSSION
In this study, we compared amoxicillin given once daily and twice daily for GAS pharyngitis by measuring bacteriologic failure rates. We found, in this prospective, controlled, investigator-blinded study, a difference of only 4.53% between the 2 treatment groups for the early posttherapy visit 2 and Ϫ4.33% for the late posttherapy visit 3. In addition, we also demonstrated similar bacteriologic failure rates for the 2 treatment groups for visits 2 and 3 combined (difference, 0.76%) and in an intention-to-treat analysis (difference, Ϫ0.3%).
Our bacteriologic failure rates of 15% to 20% for visit 2 were higher than in some previous studies of amoxicillin treatment of GAS pharyngitis. 14 -20 In the 2 studies that 7, 8 low rates for bacteriologic failure were found for both amoxicillin and penicillin (given 3 times daily). These rates were 4% and 5% for amoxicillin and 6% and 11% for penicillin, respectively. In the 3 studies that examined twice-daily amoxicillin, bacteriologic failure rates were 5%, 20 16% 17 and 24%. 24 Six studies of amoxicillin given 3 times daily found rates of 3% to 15%. 14 -16,18 -20 Possible explanations for these varying rates include differences in design (including microbiologic techniques), sample size, and rates of carriage of GAS organisms in the populations studied. With our enrollment criteria, we attempted to exclude possible GAS carriers and include only those with clinical findings suggestive of GAS pharyngitis; however, inclusion of a high percentage of GAS carriers in treatment groups could inflate failure rates. 25 Studies evaluating GAS carriage in the throat have noted rates of 2.5% to 7% in children in practice settings 26 and higher in school settings. 27 We also noted clinical recurrence rates of 10% and 8% for the once-daily and twice-daily treatment groups, respectively. The Elmwood Pediatric Group retrospectively evaluated patients treated for GAS pharyngitis for clinical recurrences and found that up to 17% of 140 episodes treated with amoxicillin were followed by a recurrence within 30 days. 28 Compared with these reported rates of clinical recurrence and for GAS pharyngeal carriage, the rates found in the 2 prior studies of once-daily amoxicillin are notably low.
Two design features of our study are noteworthy. First, we used a noninferiority design and our study had sufficient power to detect a difference of 10% between the 2 treatment groups for bacteriologic failure rates. Second, we stratified our treatment groups by weight so that patients Ն40 kg were given a higher dosage than those Ͻ40 kg. This approach has not been taken for previous studies of penicillin or amoxicillin treatment of GAS pharyngitis, but a similar dosing approach is often used in practice.
Adverse events possibly related to amoxicillin occurred in 16% (84 of 541) of patients in this study. Gastrointestinal symptoms were most common. The 2 treatment groups had comparable frequencies of gastrointestinal and other events. The rate of presumed drug-associated allergic reactions was less than 1%. Similar rates were found by Bass et al 29 for urticarial skin eruptions after orally administered ampicillin (0.8% ͓3 of 400͔) and for allergic rash in 7 previous studies of amoxicillin treatment of GAS pharyngitis (0.4% ͓4 of 955͔). 14 -20,24 This study has 3 potential limitations. First, we did not directly compare once-daily amoxicillin with the standard comparator, namely penicillin, given 3 times daily. There are likely different bacteriologic failure rates with different antibiotics, so we used amoxicillin as the comparator to eliminate this source of variation. Second, stratification of patients by weight for dosing may not represent standard practice for the use of amoxicillin for GAS pharyngitis. For visit 2, we demonstrated noninferiority when both weight subgroups were considered together, but we cannot be confident of noninferiority in subgroup analyses by weight because this study was not powered for subgroup analyses. Third, our study subjects were drawn from a single pediatric practice with similar demographic characteristics, and this may limit the generalizability of our findings somewhat.
We found that for treatment of GAS pharyngitis, amoxicillin given once daily is not inferior to amoxicillin given twice daily with respect to the prespecified margin of 10%. We conclude that amoxicillin given once daily is a suitable regimen for treatment of GAS pharyngitis, especially in circumstances when once-daily dosing would improve adherence.
